UNCLA

oy

C‘S I ‘[Dm

{ )9\1

——~t

| =

ESEARCH MEMORANDUM

- vw

)

Langley Aeronautical ILeboratory
Langley Air Force Base, Va.

4

[

for the as ‘
i~
¥ Air Materiel Command, U. S. Alr Force NG
. =TS
. & - S oNg
b Qi WInD-TUNNEL INVESTIGATION OF THE IOV-SPEED SPATIC T ¥, 3
T 2 XY
% iQ STABILITY AND CONTROL CHARACTERISTICS OF ERvA
i 1
] IAERRAN ; TR
¢S 3 & : A MODEL OF BELL MX~776 SRR
1 AN Y
] DN By z T,
N
M. J. Queijo and W. H. Michael, Jr. ?ig\;;\é
) - )
~
<

CLASSIFIED DOCUNENT

This document contains ¢lassified information
affecting the National Defense of the United
Stales within the meamng of the Espionage Act,
USC 50:31 and 32. Its transmission or the
revelation of its contents in any manner to an
unauthorized person is prohibited by law
Information so class:ified may be imparted
only to persons in the military and naval
services of the United States, appropriate
eivilian officers and employees of the Federal
Government who have a legitimate Interest
therein, and to United States citizens of known
loyalty and discretion who of necessity must be

wformed thereof.

AIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

WASHINGT

CLASSIFICATION CHANGE

za.m,hn.r ity of ,,,-.,f.)‘.'ﬁ' ....ff.{.Z IO

N

N

-y e e




© NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS |

 RESEARCH MEMORANDUM .

Air Materlel Commsnd, U. S. Air Force

WIND-TUNNEL TNVESTIGATION OF THE LOW-SPEED STATTC
* STABILITY AND CONTROL CHARACTERISTICS OF -
. A MODEL OF BELL MX~TT6

By M. J. Queijo and W. H. Michael, Jr.

An 'iri#eéfigatiofxi has been made 1zij"“1tlhe La.hgley stability tunnel to.

. determine the low-speed static stability and control characteristics of
a model of the Bell MX—776. The results of the investigation indicated

that the basic model configuration was longitudinally gstable in the ‘
angle—of—attack range from about -16° to 16° but that the stability was
8 minimum near 0° angle of attack. The data indicated an- aerodynamic—
' center position about 0.64 body diameters behind the center of gravity

‘at low angles of attack. Reduction in the size of the front :
horizontal fins increased the longitudinal stability. With 20 percent
of the span of the normal front horizontal fins cut off, the aerodynamic
. ‘centér was about 1,04 body diameters behind. the center of gravity, and
- with frront horizontal fins having the same area as the front vertical
' fins, the aerodynamic center was 2.26 body diameters behind the center
of gravity (at low angles of attack). =~ AR o

. With a simulated elevator deflection of 30°, the basic model
_configuration trimmed at about 11° angle of attack, and at this trim -
point, the model was more stable, longitudinally (aerodynamic center
1.33 body diameters behind the center of -gravity), than at-the trim ..
point with elevators undeflected. With elevators undeflected, the
model was directionally stable in the range of angles of attack
from -11° to 11°; however, with a simulated elevator deflection of 30°
the model became directionally Unstiable at about 9° angle of attack,

. which'is lower than the angle of attack required for longitudinal trim.
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, At the request of the-Air Ma.teriel Command, U. S. Air Force s the
Langley eta'bility—tunnel gection has. conducted a wind—tunnel
invest:l@.tion of the low—speed. eta.tic sta.bility a.nd control charac—

teristics of a 3—1'_-(-—scale model of the Bell MX—T76. Preliminary flight

tests ( reference 1) of an ea.rlier configura.tion had indicated :
. longitudinal 1nsta.b111ty at low a.ngles of attack at both subsonic a.nd
' supersonic. speeds. Unpublished data from low-epeed tunnel tests (made
" in the langley stability tumnel) of thls earlier configuration also
showed longitud.ina.l 1nsta.bility at low angles of attack, .

S A.fter results from ‘reference 1 were known, the Bell MX—776 model -
wag modified to provide better longitudinal characteristica. Before

#. . conducting flight tests of the model of the modified version, it was

' '’ thought advisable to investiga.te both the longitud.im.l and lateral

sta.bility cha.re.cter:lstics by means of low-epeed wind—tunnel tests.  On
. .7 © -the basis of previous experience it wes believed that. these tests

'=‘ Lo - would provide information directly a.ppl:lca.ble to Plight -at su'bsonic
;.- speeds and should provide at least a qualitative 1nd.ication of the
o 'behe.vior ‘ofthe model at supersonic speeds. C .

" The mnﬁe] used 11_1 thig 1____g 1mtion wasg nrovided the NACA by the
MX—-776 contractor for tests at the pilotless a.ircra.ft teating station,
Wallops Island, Va. The present paper gives results of an
investigation which had as 1ts primary purpose the determination of

“longitudinal and lateral stability characteristics of the model. A
limited amount of information on longitudina.l a.nd la.tera.l control
'cha.ra.cteristics &lso has been obtained.. . e :

SYMBOLS AND c'oEmcmwrs={ |

" A1l forces and moments are glven with respect to the system of
~ wind axes shown in figure 1. The origin of the axes is the center of
' gravity. of the model. The Bym’.bols and coefficients used herein are
defined as f‘ollows- . .

- g * GI.“""’:‘."" ~=- 11PE - coefficient (L/qSF)
' C]')‘ o d.ra.g coefficient (D/qSF)
o R cY - side—force coefficient (Y/qSF)
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L | The tests of this investiga.tion were me.de in the 6— by 6—foot
curved—flow test section of the La.ngley stability ‘tunnel. The model

used wa.s of a.p’proximtely ;—f—scale a.nd was one of- ‘the models provided

L4

’»_”'f'to NACA for flight tests at ‘the pilortless a.ircra.ft testing sta.tion,
‘Wallops Island, Va. The basic (norm.l) model configuration of the
present investigation is shown in figure 2., The body of the model was

~ constructed primarily of balea wood and contained metal castings into
.7 . which metal fins were securely bolted. A steel tube was inserted in the
- body of the model and was clamped tightly in position. The tube was

then bolted to a single strut support which was in turn fastened to a
. .six—component balance system. A drawing of the model in the I.a.ngley ‘
L stability tunnel is given e.s figure 3. ‘ . N

o Three sizes of front horizonta.l fins were used in this
investigation: the normal fing, the normal fins with 20 percent of the
exposed span cut off et the tips, -and small fins which were. the same
size as the front vertical fins. The dimensions oi’ the va.rious front

: horizontal fins are given in figure 4, .

None of the fins supplied with the model had moveable control
surfaces; hence, in: order to obtain some indication of the elevator and
ailleron effectiveness, wedges were made which could be atta.ched to the
- gurfaces to -simiiate full—span control deflections (fig. 5). The wedge
chords were 25 percent of the wing chords. - The elevators of this model
were on the front horizontal fins, and the ailerons were.on the rear
vertical fins. :

In addition to the wedges, a new set of rear vertical fins were

built. VThese fins were made up of a J'——inch—-thick gheet of duralumin
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sandwiched between two sectlons of balsa wood so that the over—ell fin
dimensions were the same as those of the original vertical fins. The
duralumin sheet was perforated a.long the three—quarter—chord line so
that it could be bent there to simulate deflections of a full—spe.n
que.rter—chord plain flap. The perforations were plugged during the
tests. The details of the built-up fins are shown in figure 5.

S Two series of tests were made, one, to determine the static

: longitudinal sta.bilit;r and control che.racteristics of. the model .and the
other to determine-the static lateral sta.bility a.nd control charac— '
teristics. In order to obtain a complete evaluation ‘of the forward and
" rear fing, tests were made of ‘the ccomplete- model, ‘the model with forward -
- fins removed, and the. model with the, rear fins removed. “The. cha;mc- ,
teristics of the body a.lone a.lso were obt' ‘ned C e T

Angle—oi’—yaw tests were. ma.de 'by pitching the model a.fter it ha.d
,been rotated 90° a.bout its 1ongitudina1 a.xis. : _ -

S All tests but the aileron tests were ma.de with a.nd without the ,‘
'-_Ldummy strut ‘and’ fa.iring. The a.ileron ‘teats were mde with the model

' -mounted on 1ts side and with ‘the rear horizontal fins removed in order

. - attack up to 6

to eliminate - support—strut interference effects as completely as

possible. Various angles of atta.ck ‘were obtained by yawing the model

in the tumnel. Because of the insta.bility of the model. with. the rear:

e horizontal fins removed, severe oscillations sta.rted at a.ngles of §
.- .attack. of about" 7°- hence results a.re presented only for’ angles of -

All tests were ma.de e.t a dynamic pressure of 6h 3 pounds per squa.re
' foot, which corresponds to & Reynolds mumber- of . .about’ 700,000 (sea—
level conditions) based on the maximum ‘body dia.meter (O 1+73 ft) '

| _CQRRECTIONS

- Corrections ‘were applied to all the data (except aileron test data)
to account- for support—strut interférence. No corrections were applied

to the aileron data because the allerons were always well a.bove the

. gupport strut and hence corrections were believed unnecessary... The
:pitching—moment and yawing—moment coefficients were ‘corrected for
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A "",jé'ﬁ';b‘dundb.ry“eff'e'c:“bs:&(‘—'det-erxi_xinednby, use. of reference 2) and these
corrections (given in the following table) were added to the calculated

$ e T coefficients.

To e )

:;9‘. v g o £ — - - - v
(% T ~ Horizontal fins Vertical fins |ACy = kja| AC, = ky¥|

) Front - | Rear | Front - |- Rear 1 kg I

. Normal . | Normal| Normal | Normal { 0.0453 0.00853
| o0—percent cut | Normal| Normal | Normal | .0435 .00853
L Small Normal| Normel | Normel | .0358 ' | .00853
None = | Normal| Normal | Normal | .0284 | .00853 -

‘|| Normal . | None | Normal | Normal |-.00509 .00853
| 20~percent cut | None | Normal | Normal |[—.00363 .00853
© Small . None | Normal | Normal | —.000664 | ..00853
" Normal  {Normal| Nonme -{ Normal| .O453 | ~.00573
Normal | Normal| Normal | None | ..0453 | —.000673
None | None: ‘None, ~| Nome O - ]:0° -

L The ahgles[.of _aptta,q};l; and Qf yaw were co;j;ected.fdi"-fle‘xibil_ity of'fhe' o

RESULTS AND DISCUSSION

Presentation of Results

.. " A1l data are presented about the wind axes (fig. 1). The :
longitudinal stability: characteristics of several model configurations
. are slown in figures 6 to 8. The variations of downwash angle with
. angle ‘of attack near the rear horizontal fins, caused by the front
* horizontal fins, are shown in figure 9. -The effects of simulated
elevator deflection on the-longitudinal characteristics are shown -in
figures 10 and 11, TIncrements of section 1lift coefficient resulting
from various deflections of plain and split trailing-edge flaps (data
from referencé 3) are shown in figure 12. These data are used to ‘
‘  evaluate the results obtained by simulating control deflections by means
iww‘wm~m.“°gﬂ9&§£§. LT ST ' . S ‘

TN e Tt e n s e -

.~ Iateral stability characterlstics for various configurations are
- ~shown in figure 13; and figure 14 shows the variation of sldewash angle
ST  with angle of yaw in the vicinity of the rear vertlcal fins of the
L complete model. The lateral stability characteristics for the basic
‘ configuration at various angles of attack and angles of yaw are given 1n
Pigures 15 and 16 for zero elevator deflection. The aerodynamic
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characteristics of the basic configuration with simulated elevator

defléctioh are presented 1n figure 17. In figure 18 are shown the .

lg.téra.l ’sta.b:llity derivatives CY‘#’ » 'Cz* , and Cn\lr (obt"ained from the

data of figures 16 and 17) for the basic configuration with eievdt_’prs
neutral and deflected .30°. Increments of rolling moment produced by

a.ileron’ defle.c'tions are shown in figure 19. ’

. Longitudinal Characteristics

S'ba.bil‘iﬁx.— The longitudinal.stabllity Cha.racteri_stics“of geveral

L configurations ‘are shown in figure 6, The data show that the complete
model with normal fins is longitudinally stable in the angle—of-attack

range from —16° to 16°. The pitching-moment curve (plotted against .

" angle of attack) for the normal configuration is nonlinear, and the

stability is lower near 0° angle of attack. Reduction in the area of

. ‘the fromt horizontel fins increased the stability and tended to make:
' the pitching-moment curves more linear. - . = S

Th'e.‘ pitching-moment da'.t‘a.b for three cdﬂlpl_ete configurations  are
replotted against 1ift coefficient in figure 7. These curves are

... somewhat more linear than the curves of Cp agalnst « Decause
. the Cr-egainst—a data showed nonlinearities: similar to the

- ‘Cp-egaingt—a data. The slopes of thé pitchiﬁg-moment curves of

figure 7 (measured at Cp, = 0) indicate aerodynamic—center positions

of 0.6, 1.04, and 2.26 body dismeters behind the center of gravity
(mounting point) for the model with normal front horizontal fing, o -

. 20-percent cut fins, and small fins, respectively.

' Data obtained Pfor various model configurations with the rear
horizontal fins removed are presented in figure 8. ' The data of the
pitching-moment curves of figures 6 and 8 have been used to calculate
the effective downwash angle in.the vicinity of the rear horizontal fins
(fig. 9). This is referred to as the effective downwash angle since no
attempt has been made to account for any possible effects of the forward

fins on the dynamic pressure at the rear horizontal fins. The resulté‘

presented in figure 9 show that for the model with normal fins, the 7
downwash angle € varied rapidly with angle of attack for values of a
near 0°. It appears, therefore, that the nonlinearities observed in the

pitching-moment ‘curves of figure 6 result largely from the variation

““of downwash sngle with angle of ‘attack.

* Comtrol.— The effects on Cf, Cp, and Cp of similating an

‘elevator deflection by adding 30° wedges to the forward horizontal fins

are shown in figure 10. The increments in Cr, and Cp caused by the
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wedges are shown in figure ll  For positive angles of attack up to

" about 12° the wedges produced almost constant Increments in pitching—

moment coefficient and 1lift coefficient In the- negative angle—of—
attack range, the pitching—moment increment shows a large decrease as
the angle of attack is made more negative. It is believed that wodges

. provide a more valid indication of plain-flap deflections when the angle
: of attack and. flap d.eflection -are of. the same sign. ' . .

"Since the elevators of the full—scale missile are oi’ the plain—
flap type, it is necessary to determine the relative effectiveness of
wedges and plain flaps. It is known that wedges generally exhibit the
same aerodynamic characteristics as split flaps; hence if the relative
effectiveness ‘of plain flaps and split flaps is kmown. s then the relative
effectiveness of plain flaps and wedges can ‘be found, A comparisonh of
the effectiveness of plain flaps and aplit flaps, as. d.etermined from
two—dimensional data, can be obtained from reference 2, and such & -
compe.rison is presented herein as figure 12, ‘The figure compares plain
and split—flap effectiveness for varlous flap d.eflections and angles of
attack. For deflections of 30° the" two types of flaps have about the | -
‘same effectiveness s and for smaller’ d.eflections the plain flaps are =

" more effective than split flaps. For positive angles of attack,

therefore, it might be expected that: ‘30° wedges provide almost the

- pame effectiveness as 30° deflection ‘of "plain“flaps. With’ 30° . :
“ simulated flap deflection, the ‘model trims at about 11° angle of atte.ck
"and has greater ‘longitudinal stability at this trim point. (aerodynamic—

center position located 1.33 body diameters behind center of‘ gravity)

" than at the trim point with 0° flap d.eflection.,

Lateral Characteristics

: Sta'bilitx The lateral stability characteristics of several ‘model

- configurations at zero angle of attack are shown in figure 13. The

complete model (nornnl configuration) 1s directionally stable at zero -
angle of attack, in the yaw range from V¥ = —14° to' ¥ = 14°, put
gtability is a mininmm at 0° angle of yaw. The data of figure 13 were
used to compute the effective gidewash angles in the vicinity of the
rear. vertical fins, and the results are shown in figure 14. The figure
shows the largest variation of sidewash angle with angle of yaw in the.
yaw range from —4® to 49, For larger positive yaw angles the sidewash
angle is very nearly constant It appears, therefore, that the.

nonlinearity of the curve of- Cp against ¥ for the basic configu-

ration results largely from the sid.ewa.sh angle.

" The’ lateral stability characteristics of the normal configuration

-~ at various’ angles of attack are shown in figure 15. The model appears

to be almost neutrally stable at angles of attack of about +9 2° . The
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ungymuetric appeera.noe of the
£
Ao

) ~ 2
probably 1s caused by inab

the. support strut

De.ta. obta.ined by pitching the model through an a.ngle—of—e.tte.ck
range for angles of yaw of 0°, and -.t5 for elevator deflections of 0°
and 30° are shown in. figu.res 16 and 17, respectively. .The lateral— - .

"stability d.erivatives Cn 5 CZ K ‘and. CI. obtained from these. data are

“ presented in figure 18 With eleve.tors neutral these results (fig. 18)
. ‘confirm a point prev:!.ousl;r noted — that the directione.l sta.bility
- ‘becomes neutral near a = = %109, . Beyond these limits the model 1s
' d.irectioma.ll;r unstable. Deflection of the elevators tended to reduce
Co . the directional sta.bility a.t positive a.ng‘l.es ‘of e.tte.ck and “thus
i "7 neutral stability was obtalned at about 9°. This result is in agreement
- T with results of tests (unpu'blished) from the La.ngley free-flight tunnel,.
f-._}which showed that an increase in incidence of ‘the’ Torward horizontal
. 'tall of a canard-type model. tended. to reduce the sta.‘bilizing effect of
" ‘& vertical-tall located at the rear of a model, The data for this
© model indicated directional insta.'bilit}r in the trimmed. conditlon with
R 300 eleva.tor deflection.».. _—

o PSSR AR S s i), i85

. Control = The le.tera.l controls (a.ilerons) were investiga.ted
: briefly. Deflections of aillerons on the built—up rear vertical fins

g - . resulted in the increments of rolling-moment coefficient shown in
- figure 19(8.) Variations in angle of attack up to 6° appear to be of

“little importance. Compa.rison of the increment of rolling—moment coef—~
ficlent obtained by l5° deflection of . the ailerons on: bullt~up fins and
; the increments obtained with 15 wedges are shown in figure 19(b). ‘
: Wedges produced about the same effect on either the normal or the built—
i o+ .. up fins, but in either case, the wedges were only about two-thirds as .
i - - effective as the ple.in—fle.p type of aileron. The comparison of
i T effectiveness of plain and split flaps given in figure 12 (for a = 0°)
1 "7 1ndicates that the increment in rolling moment obtained by wedges should
" ' be lower than that from plain flaps, however, test results with wedges '
were even lower tha.n expected g

e It should be remembered. that. the aileron tests were made with the ‘
L e rear horizontael fins removed in order to eliminate the effects of

' L support interference as completely as ‘possible. The ef'fectiveness of

{ the ailerons in the presence of the rear horizontal fins would be.
oo gxpected to be’ slightly lower than that obtained (because of the

: .~ interference of the rear horizonta.l fins). :

e t

. L1 .
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, CONCLUSIONS-

The results of teets made to' determine the low—epeed sta'bility and
control characteristics of a. model of the Bell MX—776 have led to the
following conclusions:

l The basic model configura.tion is. longitudina.lly sta.ble in the
‘ a.ngle—of—e.tta.ck range from about —16° to l6 ‘but the sta‘bility was 8
i " minimum near O angle of attack. The data indica.te an aerodynamic—
£ o .~ center position about 0.6L body dia.meters "behind the center of gravity
E S at low a.ngles of a.tta.ck . :
i

. 2. Reduction in the size of the front horizontal fins increa.eed

‘ i the longitudinal stability, The normsal front hLorizontal fins with

Lo S 20 percent of the exposed span cut off and the small front horizontal
I  fins showed aerodynamic—center positions of 1. 0)+ a.nd 2, 26 body diameters
.‘behind the center of gravity, respectively. ERE

2 o 3. With a simula.ted eleva.tor deflection of 30°, the a.irple.ne
i - ‘trimmed at about 11° angle of attack, and at this trim point the model
g . was more stable, longitudinally (aerodynamic—center rosition located

1.33 body diameters behind center of gravity) than a.t the trim point
with elevators undeflected

h. The model was d.irectiona.llg stable, 85 with elevators neutral s In
the angle-of-attack range from —11- to 11° and was unstable outside
this range. With elevators deflected 30° the model became directionally

_ unstable at about ' 9° angle of atta.ck which is lower than the angle of
, a.tta.ck for longitudinal trim.
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Figure 1.- System of wind axes. Arfows indicate positive directions
of forces, moments , and angles.
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. Body cross-section
“true ellipse

/45_7~0<5’6 S/de V/cw

= Figui'e 2.- Basic moﬁel édnfigﬁration of the Beil >MX-776 used in this investigation. All airfoils

.are 5-percent-thick symmetric wedges. A1l dimens_iqns are.in _:inches.
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Figure 11+ - Va.ria.tion of effective sidewash
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